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(57) ABSTRACT

The present invention relates to the technical field of wire-
less communication, particularly relates to a method, system
and apparatus for sending and receiving feedback informa-
tion, to be used for transmitting the feedback information
after the aggregation of carriers with different time division
duplex (TDD) uplink and downlink configurations. The
method of an embodiment of the present invention com-
prises: determining a dedicated feedback timing relationship
by using a user equipment (UE) aggregating carriers with
different TDD uplink/downlink configurations; the UE
transmitting the feedback information corresponding to the
downlink data on the primary carrier according to the
determined dedicated feedback timing relationship. Because
the feedback information can be transmitted after the aggre-
gation of carriers with different TDD uplink and downlink
configurations, thus the transmission efficiency and system
performance after the aggregation of carriers with different
TDD uplink and downlink configurations are improved.

11 Claims, 5 Drawing Sheets
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METHOD, SYSTEM AND APPARATUS FOR
SENDING AND RECEIVING FEEDBACK
INFORMATION

CROSS-REFERENCETO RELATED
APPLICATIONS

This patent application is a U.S. National Stage under 35
U.S.C. §371 of International Application No. PCT/CN2012/
073056, filed on Mar. 26, 2012, entitle METHOD, SYSTEM
AND APPARATUS FOR SENDING AND RECEIVING
FEEDBACK INFORMATION, designating the United
States and claiming the benefit of Chinese Patent Applica-
tion No. 201110183359.3, filed with the Chinese Patent
Office on Jun. 30, 2011 and entitled “Method, system and
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Inthe LTE-A system in FIG. 1B, 4 carriers are aggregated.
A base station can transmit data to the user equipment
concurrently on the 4 carriers to improve the throughput of
the system.

For the LTE TDD system, the User Equipment (UE) may
feed back, in an uplink subframe, Acknowledgment/Non-
Acknowledgement (ACK/NACK) information correspond-
ing to a plurality of downlink subframes, that is, the UE
feeds signaling (i.e., ACK/NACK) in an uplink subframe n
back to the base station regarding whether data in a down-
link subframe n-k needs to be retransmitted after demodu-
lating and decoding the data in the downlink subframe,
where keK, and the values of the set K depend upon an
uplink-downlink configuration of the system and a particular
subframe number, particularly as depicted in Table 1.

TABLE 1

Uplink feedback specified for downlink transmission

Uplink-downlink

Subframe number

configuration 0 1 2 3 4 5 6 7 8 9
0 — — 6 4 — — 6 4
1 — — 7,6 4 —_ = — 7,6 4 —
2 — — 8,7,6,4 — - — — 87,64 — —
3 — — 11,7, 6 6,5 54 — — —
4 — — 12,11,8,7 17,6,5,4 — — — — —
5 — — 13,12,11,9, — —_ = — — — —

8,7,6,54

6 — — 7 7 50— — 7 7 —

apparatus for sending and receiving feedback information”,
which was incorporated by reference in its entirety, and the
benefit of Chinese Patent Application No. 201110192510.X,
filed with the Chinese Patent Office on Jul. 11,2011 and
entitled “Method, system and apparatus for sending and
receiving feedback information.”

FIELD OF THE INVENTION

The present invention relates to the field of wireless
communication technologies and more particularly to a
method, system and apparatus for sending and receiving
feedback information.

BACKGROUND OF THE INVENTION

For an existing Long Term Evolution (LTE) system, only
one carrier can be present in a cell and provided with the
maximum bandwidth of 20 MHz, as illustrated in FIG. 1A.

For a Long Term Evolution-Advanced (LTE-A) system,
there are significantly improved peak rates of the LTE-A
system as compared with the LTE system. In particular, up
to 1 Gbps in the downlink and 500 Mbps in the uplink are
required for the LTE-A system. Apparently this demand has
failed to be accommodated by the 20 MHz bandwidth. In
order to enable the LTE-A system to comply with the
requirement, the technology of Carrier Aggregation (CA)
has been introduced, that is, a plurality of contiguous or
non-contiguous carriers are aggregated together in the same
cell to serve concurrently a user equipment if necessary to
thereby provide a desired rate. Thus the LTE-A system is a
multi-carrier system. In order to ensure the user equipment
of the LTE-A system to be capable of operating on each
aggregated carrier, there is no more than 20 MHz per carrier.
The CA technology of the LTE-A is as illustrated in FIG. 1B.
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A plurality of radio frames are arranged in sequence, that
is, if the last subframe in a radio frame a is k, then the first
subframe in a radio frame a+1 is k+1, and Table 1 depicts K
corresponding to each uplink subframe taking only a radio
frame as an example, where n-k<0 indicates a downlink
subframe in a previous radio frame.

In a system of the LTE Rel-11 or later, in order to avoid
interference with another Time Division Duplex (TDD)
system, different TDD uplink-downlink configurations may
be used for LTE cells in different bands, as illustrated in FIG.
1C, where a carrier 1 and a carrier 2 operate in a band A, and
a carrier 3 operates in a band B, and acell 1, a cell 2 and a
cell 3 are cells respectively over the carrier 1, the carrier 2
and the carrier 3. There are identical TDD uplink-downlink
configurations of the cell 1 and the cell 2, both of which are
the uplink-downlink configuration 1, and a TDD uplink-
downlink configuration of the cell 3, which is the uplink-
downlink configuration 2, is different from those of the cell
1 and the cell 2. If these three cells are desired to be
carrier-aggregated for the UE, then more than one TDD
uplink-downlink configuration will be present across all the
aggregated cells of the UE.

There has been absent so far of a solution to transmission
of feedback information following aggregation of carriers
with different TDD uplink-downlink configurations.

SUMMARY OF THE INVENTION

Embodiments of the invention provide a method, system
and apparatus for sending and receiving feedback informa-
tion so as to transmit feedback information following aggre-
gation of carriers with different TDD uplink-downlink con-
figurations.

A method of sending feedback information according to
an embodiment of the invention includes steps of:
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determining, by a user equipment, a dedicated feedback
timing; and

sending, by the user equipment, feedback information,
corresponding to downlink data, on a primary carrier accord-
ing to the determined dedicated feedback timing,

wherein the user equipment is a user equipment which is
configured with carrier aggregation with different TDD
uplink-downlink configurations.

A method of receiving feedback information according to
an embodiment of the invention includes steps of:

determining, by a network-side apparatus, a dedicated
feedback timing; and

receiving, by the network-side apparatus, feedback infor-
mation from a user equipment on a primary carrier of the
user equipment according to the determined dedicated feed-
back timing,

wherein the user equipment is a user equipment which is
configured with carrier aggregation with different TDD
uplink-downlink configurations.

An apparatus for sending feedback information according
to an embodiment of the invention, which is configured with
carrier aggregation with different TDD uplink-downlink
configurations, includes:

a first timing determining module configured to determine
a dedicated feedback timing; and

a sending module configured to send feedback informa-
tion, corresponding to downlink data, on a primary carrier
according to the determined dedicated feedback timing

An apparatus for receiving feedback information accord-
ing to an embodiment of the invention includes:

a second timing determining module configured to deter-
mine a dedicated feedback timing; and

a receiving module configured to receive feedback infor-
mation from a user equipment on a primary carrier of the
user equipment according to the determined dedicated feed-
back timing,

wherein the user equipment is a user equipment which is
configured with carrier aggregation with different TDD
uplink-downlink configurations.

A system for transmitting feedback information according
to an embodiment of the invention includes:

a user equipment, which is configured with carrier aggre-
gation with different TDD uplink-downlink configurations,
configured to determine a dedicated feedback timing and to
send feedback information, corresponding to downlink data,
on a primary carrier according to the determined dedicated
feedback timing.

a network-side apparatus configured to determine a dedi-
cated feedback timing and to receive the feedback informa-
tion from the user equipment, which is configured with
carrier aggregation with different TDD uplink-downlink
configurations, on the primary carrier of the user equipment
according to the determined dedicated feedback timing

Since feedback information is enabled to be transmitted
following aggregation of carriers with different TDD uplink-
downlink configurations, the transmission efficiency and the
system performance following aggregation of the carriers
with the different TDD uplink-downlink configurations can
be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a schematic diagram of a single-band system
in the prior art;

FIG. 1B is a schematic diagram of a system with aggre-
gated bands in the prior art;
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FIG. 1C is a schematic diagram of different TDD uplink-
downlink configurations for different bands in the prior art;

FIG. 2 is a schematic structural diagram of a system for
transmitting feedback information according to an embodi-
ment of the invention;

FIG. 3 is a schematic structural diagram of a user equip-
ment according to an embodiment of the invention;

FIG. 4 is a schematic structural diagram of a network-side
apparatus according to an embodiment of the invention;

FIG. 5 is a schematic flow chart of a method of sending
feedback information according to an embodiment of the
invention;

FIG. 6 is a schematic flow chart of a method of receiving
feedback information according to an embodiment of the
invention;

FIG. 7 is a schematic flow chart of first feedback infor-
mation according to an embodiment of the invention;

FIG. 8 is a schematic flow chart of second feedback
information according to an embodiment of the invention;

FIG. 9 is a schematic flow chart of third feedback infor-
mation according to an embodiment of the invention;

FIG. 10 is a schematic flow chart of fourth feedback
information according to an embodiment of the invention;

FIG. 11 is a schematic flow chart of fifth feedback
information according to an embodiment of the invention;

FIG. 12 is a schematic flow chart of sixth feedback
information according to an embodiment of the invention;
and

FIG. 13 is a schematic flow chart of seventh feedback
information according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

In embodiments of the invention, a user equipment which
is configured with carrier aggregation with different TDD
uplink-downlink configurations sends feedback information,
corresponding to downlink data, on a primary carrier accord-
ing to a dedicated feedback timing. Since feedback infor-
mation is enabled to be transmitted following aggregation of
carriers with different TDD uplink-downlink configurations,
the transmission efficiency and the system performance
following aggregation of the carriers with the different TDD
uplink-downlink configurations can be improved.

The carriers aggregated for the user equipment includes
the primary carrier in PCell and secondary carriers in SCells:

For the primary carrier, only one carrier in a plurality of
cells aggregated for the user equipment is defined as the
primary cell which is selected by a base station and config-
ured for the user equipment in Radio Resource Control
(RRC) signaling. A Physical Uplink Control Channel
(PUCCH) is configured only on the primary carrier; and

For the secondary carriers, the other carriers with all the
cells aggregated for the user equipment than the primary
carrier are secondary carriers.

Where the dedicated feedback timing is a feedback send-
ing timing used specifically for a user equipment which is
configured with carrier aggregation with different TDD
uplink-downlink configurations.

The user equipment to be introduced below will refer to
a user equipment which is configured with carrier aggrega-
tion with different TDD uplink-downlink configurations
unless stated otherwise, so a repeated description thereof
will be omitted.

In the following description, firstly an implementation
with cooperation of the network side and the user equipment
side will be described, and finally implementations at the
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network side and at the user equipment side will be
described respectively, but this will not suggest required
cooperation of both the sides for an implementation, and in
fact, problems present respectively at the network side and
at the user equipment side will also be addressed in the
separate implementations at the network side and at the user
equipment side although a better technical effect can be
achieved in the implementation with cooperation of both the
sides.

The embodiments of the invention will be further
described below in details with reference to the drawings.

As illustrated in FIG. 2, a system for transmitting feed-
back information according to an embodiment of the inven-
tion includes a user equipment 10 which is configured with
carrier aggregation with different TDD uplink-downlink
configurations and a network-side apparatus 20.

The user equipment 10 which is configured with carrier
aggregation with different TDD uplink-downlink configu-
rations is configured to determine a dedicated feedback
timing and to send feedback information, corresponding to
downlink data, on a primary carrier according to the deter-
mined dedicated feedback timing.

The network-side apparatus 20 is configured to determine
a dedicated feedback timing and to receive the feedback
information from the user equipment, which is configured
with carrier aggregation with different TDD uplink-down-
link configurations, on the primary carrier of the user
equipment according to the determined dedicated feedback
timing

Where the downlink data includes but will not be limited
to at least one of the following data:

A dynamically scheduled Physical Downlink Shared
Channel (PDSCH), a semi-dynamically scheduled PDSCH,
and a Physical Downlink Control Channel (PDCCH) indi-
cating release of a Semi-Persistent Scheduling (SPS)
resource.

Preferably the dedicated feedback timing can satisfy at
least one of the following conditions:

(1) The dedicated feedback timing is one of feedback
timings supported by an Rel-8 TDD system, for example,
one of those in Table 1, and reference can be made to the
technical specification TS36.213 for details thereof; and

(2) Uplink subframes, in which the feedback information
corresponding to the downlink data is transmitted, deter-
mined according to the dedicated feedback timing are a
subset or all of uplink subframes on the primary carrier, that
is, ACK/NACK is fed back according to the dedicated
feedback timing in a corresponding feedback subframe
which is at least one uplink subframe on the primary carrier.

Preferably the dedicated feedback timing determined by
the user equipment 10 can be configured by the network side
or can be prescribed; and if the dedicated feedback timing
determined by the user equipment 10 is configured by the
network side, then the dedicated feedback timing deter-
mined by the network-side apparatus 20 is configured for the
user equipment 10; or if the dedicated feedback timing
determined by the user equipment 10 is prescribed, then the
dedicated feedback timing determined by the network-side
apparatus 20 is also prescribed, as will be described below
respectively.

In a first approach, the dedicated feedback timing is
configured by the network side.

Particularly the network-side apparatus 20 configures a
dedicated feedback timing for the user equipment 10, and
the user equipment 10 determines the dedicated feedback
timing configured by the network side.
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Where the dedicated feedback timing configured by the
network side is the same as a feedback timing corresponding
to the primary carrier (that is, the feedback timing corre-
sponding to the primary carrier is configured by the network
side for the user equipment 10 as the dedicated feedback
timing); or

Uplink subframes in a TDD uplink-downlink configura-
tion corresponding to the dedicated feedback timing config-
ured by the network side are a subset or all of uplink
subframes on any carrier (which can be any one carrier or
can be any more than one carrier) aggregated for the user
equipment.

In a second approach, the dedicated feedback timing is
prescribed, that is, preconfigured in the user equipment 10
through a protocol.

Particularly the user equipment 10 determines a pre-
scribed dedicated feedback timing, and the network-side
apparatus 20 determines the prescribed dedicated feedback
timing.

Where the prescribed dedicated feedback timing is the
same as a feedback timing corresponding to the primary
carrier (that is, the user equipment 10 determines the feed-
back timing corresponding to the primary carrier as the
dedicated feedback timing); or

When the feedback timing corresponding to the primary
carrier corresponds to the TDD uplink-downlink configura-
tion 0 or 1 or 2 or 6 (see Table 1), the prescribed dedicated
feedback timing is the feedback timing corresponding to the
TDD uplink-downlink configuration 2, and when the feed-
back timing corresponding to the primary carrier corre-
sponds to the TDD uplink-downlink configuration 3 or 4
(see Table 1), the prescribed dedicated feedback timing is the
feedback timing corresponding to the TDD uplink-downlink
configuration 4.

It shall be noted that in either of the approaches, both the
network-side apparatus 20 and the user equipment 10 need
to use the same dedicated feedback timing which can be
particularly prescribed through the protocol or notified of by
the network side.

In an implementation, the number of bits of the feedback
information can be further determined by the user equipment
10 before sending the feedback information and by the
network-side apparatus 20 before receiving the feedback
information.

Preferably for transmission of ACK/NACK information
corresponding to the downlink data, the size of an ACK/
NACK codebook will be determined according to a dedi-
cated ACK/NACK feedback timing.

Particularly the user equipment 10 and the network-side
apparatus 20 can determine the number of bits of the
feedback information by means of Formula 1 or Formula 2:

N=Mx(C+Cyyp)

Where N is the number of bits of the feedback informa-
tion, M is the number of subframes, determined according to
the dedicated feedback timing, for which the feedback
information needs to be transmitted in the same uplink
subframe, C is the number of aggregated carriers, and C, 5
is the number of carriers for which a multi-codeword
transmission mode is configured to be used for the downlink
without spatial bundling of the feedback information.

Formula 1;

c-1 Formula 2
N= Z MPL X TBy;

X=0
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Where N is the number of bits of the feedback informa-
tion, M,”% is the number of downlink subframes among M
subframes on a carrier X, determined according to the
dedicated feedback timing, for which the feedback informa-
tion needs to be transmitted in the same uplink subframe, C
is the number of aggregated carriers, and if a single-
codeword transmission mode is configured to be used for the
downlink or spatial bundling of the feedback information is
configured on the carrier X, then TB~=1, otherwise TB,=2.

The carrier X is one of the aggregated carriers, and N is
the sum of M,”*xTB, of the respective carriers.

Preferably the user equipment can further determine par-
ticular feedback information before sending the feedback
information. Since all the feedback information for the
different carriers needs to be transmitted on the primary
carrier, and there are at least two TDD uplink-downlink
configurations on the different carriers, it is likely that some
subframes correspond to downlink subframes according to
the dedicated feedback timing while these subframes are
unlink subframes on the carrier or some subframes corre-
spond to uplink subframes according to the dedicated feed-
back timing while these subframes are downlink subframes
on the carrier. These subframes can be preferably handled as
follows:

For a carrier with a corresponding TDD uplink-downlink
configuration different from the TDD uplink-downlink con-
figuration corresponding to the dedicated feedback timing,
the user equipment sends, for a first particular subframe
which corresponds to downlink subframe according to the
dedicated feedback timing but is uplink subframe on the
carrier, the feedback information for the first particular
subframe; and

For a carrier with a corresponding TDD uplink-downlink
configuration different from the TDD uplink-downlink con-
figuration corresponding to the dedicated feedback timing,
the user equipment performs, for a second particular sub-
frame which corresponds to uplink subframe according to
the dedicated feedback timing but is downlink subframe on
the carrier, a particular processing for feedback information
corresponding to the second particular subframe.

The user equipment performs the particular processing for
the feedback information corresponding to the second par-
ticular subframe as follows: for the second particular sub-
frame, the user equipment may not send the feedback
information for the second particular subframe; or bundle
the feedback information corresponding to the second par-
ticular subframe with feedback information of at least one
downlink subframe located immediately before or after the
second particular subframe and send the bundled feedback
information at the position of the feedback information of
the at least one downlink subframe located immediately
before or after the second particular subframe.

Where the network-side apparatus according to the
embodiment of the invention can be a base station (e.g., a
macro base station, a home base station, etc.) or can be a
Relay Node (RN) apparatus or can be another network-side
apparatus.

Processing of the first particular subframe and the second
particular subframe will be described below in details by
way of several embodiments.

In a first embodiment, as illustrated in FIG. 7, the feed-
back timing corresponding to the TDD uplink-downlink
configuration 2 is used as the dedicated feedback timing
Carriers with the TDD uplink-downlink configurations 1 and
2 are aggregated for the UE. The UE determines the number
of bits of ACK/NACK to be fed back by means of Formula
1 according to the dedicated feedback timing, where
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although the subframes 3 and 8 in the band 1 are uplink
subframes, feedback information corresponding thereto still
needs to be generated so as to ensure other bits in a sequence
of feedback information to be positioned correctly.

Since there is no feedback information for an uplink
subframe, feedback information for an uplink subframe is
preferably NACK information but can alternatively be pre-
scribed as ACK. The following embodiments will be
described by way of an example with feedback information
corresponding to an uplink subframe being NACK informa-
tion, but the same will apply with the use of ACK, so a
repeated description thereof will be omitted.

Referring to FIG. 7, for example, if the number of bits of
the feedback information is determined by means of For-
mula 2, then no feedback information may be generated for
the subframes 3 and 8 in the band 1 because the numbers of
bits are calculated for the respective carriers and then
summed up.

In a second embodiment, the feedback timing correspond-
ing to the TDD uplink-downlink configuration 1 is used as
the dedicated feedback timing. Carriers with the TDD
uplink-downlink configurations 1 and 2 are aggregated for
the UE. The UE determines the number of bits of ACK/
NACK to be fed back according to the dedicated feedback
timing, where there are two processing approach for the
second embodiment:

In a first approach, as illustrated in FIG. 8, no ACK/
NACK information is fed back for the subframe 3 and the
subframe 8 in the band 2.

In a second approach, as illustrated in FIG. 9, ACK/
NACK information of the subframe 3 and the subframe 8 in
the band 2 is bundled with that of adjacent downlink
subframes and then fed back, and the positions of the
ACK/NACK information of the adjacent subframes (i.e., the
subframe 4 and the subframe 9) are occupied for the bundled
ACK/NACK information.

For the second embodiment, the effect of Formula 1 is the
same as that of Formula 2.

In a third embodiment, the feedback timing corresponding
to the TDD uplink-downlink configuration 1 is used as the
dedicated feedback timing. Carriers with the TDD uplink-
downlink configurations 1 and 2 are aggregated for the UE
but they are not synchronized, that is, numbers of the
corresponding subframe are different, across different bands.
The UE determines the number of bits of ACK/NACK to be
fed back according to the dedicated feedback timing where
there are three processing approach for the third embodi-
ment:

In a first approach, as illustrated in FIG. 10, no ACK/
NACK information is generated for the subframes 0 and 1
in the band 2; and according to Formula 1, although the
subframe 2 in the band 2 is an uplink subframe, NACK
information corresponding thereto still needs to be gener-
ated, or according to Formula 2, no feedback information
may be generated for the subframe 2 in the band 2.

In a second approach, as illustrated in FIG. 11, ACK/
NACK information of the subframe 0 and the subframe 1 in
the band 2 is bundled with that of adjacent downlink
subframes and then fed back, and the positions of the
ACK/NACK information of the adjacent subframes (i.e., the
subframe 9) are occupied for the bundled ACK/NACK
information; and according to Formula 1, although the
subframe 2 in the band 2 is an uplink subframe, NACK
information corresponding thereto still needs to be gener-
ated, or according to Formula 2, no feedback information
may be generated for the subframe 2 in the band 2.
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In a third approach, as illustrated in FIG. 12 and FIG. 13,
according to Formula 1, ACK/NACK information of the
subframe 0 and the subframe 1 in the band 2 is bundled with
that of adjacent uplink subframes and then fed back, and the
uplink subframes correspond to downlink subframes in the
dedicated feedback timing, where actually the adjacent
uplink subframes will not be involved with ACK/NACK
bundling but simply the ACK/NACK information corre-
sponding to the subframe 0 and the subframe 1 can be
bundled.

It shall be noted that two carriers and the TDD uplink-
downlink configurations 1 and 2 have been referred to in the
foregoing embodiments, and the same will apply with other
numbers of carriers and other TDD uplink-downlink con-
figurations, so a repeated description thereof will be omitted.

Based upon the same inventive concept, embodiments of
the invention further provide a user equipment, a network-
side apparatus, a method of sending feedback information
and a method of receiving feedback information, and since
these apparatuses and methods address the problem under a
similar principle to the system for transmitting feedback
information, reference can be made to the implementation of
the system for implementations of these apparatuses and
methods, so a repeated description thereof will be omitted.

As illustrated in FIG. 3, a user equipment according to an
embodiment of the invention which is configured with
carrier aggregation with different TDD uplink-downlink
configurations particularly includes a first timing determin-
ing module 300 and a sending module 310.

The first timing determining module 300 is configured to
determine a dedicated feedback timing; and

The sending module 310 is configured to send feedback
information, corresponding to downlink data, on a primary
carrier according to the determined dedicated feedback
timing

Preferably the first timing determining module 300 deter-
mines a dedicated feedback timing configured by the net-
work side.

Where a feedback timing corresponding to the primary
carrier is determined by the network side as the dedicated
feedback timing, or uplink subframes in a TDD uplink-
downlink configuration corresponding to the dedicated feed-
back timing configured by the network side are a subset or
all of uplink subframes on any aggregated carrier of the user
equipment.

Preferably the first timing determining module 300 deter-
mines a prescribed dedicated feedback timing.

Where a feedback timing corresponding to the primary
carrier is prescribed to be used as the dedicated feedback
timing, or when the feedback timing corresponding to the
primary carrier corresponds to the TDD uplink-downlink
configuration 0 or 1 or 2 or 6, a feedback timing corre-
sponding to the TDD uplink-downlink configuration 2 is
prescribed to be used as the dedicated feedback timing, and
when the feedback timing corresponding to the primary
carrier corresponds to the TDD uplink-downlink configura-
tion 3 or 4, a feedback timing corresponding to the TDD
uplink-downlink configuration 4 is prescribed to be used as
the dedicated feedback timing.

Preferably the first timing determining module 300 deter-
mines the number of bits of the feedback information by
means of Formula 1 or Formula 2.

Preferably for a carrier with a corresponding TDD uplink-
downlink configuration different from the TDD uplink-
downlink configuration corresponding to the dedicated feed-
back timing, the first timing determining module 300 sends,
for a first particular subframe which corresponds to down-
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link subframe according to the dedicated feedback timing
but is uplink subframe on the carrier, the feedback informa-
tion for the first particular subframe.

Preferably for a carrier with a corresponding TDD uplink-
downlink configuration different from the TDD uplink-
downlink configuration corresponding to the dedicated feed-
back timing, the first timing determining module 300
performs, for a second particular subframe which corre-
sponds to uplink subframe according to the dedicated feed-
back timing but is downlink subframe on the carrier, a
particular processing for feedback information correspond-
ing to the second particular subframe.

Preferably the first timing determining module 300 per-
forms the particular processing for the feedback information
corresponding to the second particular subframe particularly
by not sending the feedback information for the second
particular subframe or by bundling the feedback information
corresponding to the second particular subframe with feed-
back information of at least one downlink subframe located
immediately before or after the second particular subframe
and sending the bundled feedback information at the posi-
tion of the feedback information of the at least one downlink
subframe located immediately before or after the second
particular subframe.

As illustrated in FIG. 4, a network-side apparatus accord-
ing to an embodiment of the invention includes a second
timing determining module 400 and a receiving module 410.

The second timing determining module 400 is configured
to determine a dedicated feedback timing; and

The receiving module 410 is configured to receive feed-
back information from a user equipment, which is config-
ured with carrier aggregation with different TDD uplink-
downlink configurations, on a primary carrier of the user
equipment according to the determined dedicated feedback
timing.

Preferably the second timing determining module 400
configures the dedicated feedback timing for the user equip-
ment.

Where the configured dedicated feedback timing is the
same as a feedback timing corresponding to the primary
carrier, or uplink subframes in a TDD uplink-downlink
configuration corresponding to the configured dedicated
feedback timing are a subset or all of uplink subframes on
any aggregated carrier of the user equipment.

Preferably the second timing determining module 400
determines a prescribed dedicated feedback timing.

Where a feedback timing corresponding to the primary
carrier is prescribed to be used as the dedicated feedback
timing, or when the feedback timing corresponding to the
primary carrier corresponds to the TDD uplink-downlink
configuration 0 or 1 or 2 or 6, a feedback timing corre-
sponding to the TDD uplink-downlink configuration 2 is
prescribed to be used as the dedicated feedback timing, and
when the feedback timing corresponding to the primary
carrier corresponds to the TDD uplink-downlink configura-
tion 3 or 4, a feedback timing corresponding to the TDD
uplink-downlink configuration 4 is prescribed to be used as
the dedicated feedback timing.

Preferably the second timing determining module 400
determines the number of bits of the feedback information
by means of Formula 1 or Formula 2.

As illustrated in FIG. 5, a method of sending feedback
information according to an embodiment of the invention
includes the following steps:

Step 501. A user equipment which is configured with
carrier aggregation with different TDD uplink-downlink
configurations determines a dedicated feedback timing; and
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Step 502. The user equipment which is configured with
carrier aggregation with different TDD uplink-downlink
configurations sends feedback information, corresponding
to downlink data, on a primary carrier according to the
determined dedicated feedback timing

Preferably the dedicated feedback timing can satisfy at
least one of the following conditions:

(1) The dedicated feedback timing is one of feedback
timings supported by an Rel-8 TDD system, for example,
one of those in Table 1; and

(2) Uplink subframes, in which the feedback information
corresponding to the downlink data is transmitted, deter-
mined according to the dedicated feedback timing are a
subset or all of uplink subframes on the primary carrier, that
is, ACK/NACK is fed back according to the dedicated
feedback timing in a corresponding feedback subframe
which is at least one uplink subframe on the primary carrier.

Preferably in the step 501, the dedicated feedback timing
determined by the user equipment can be configured by the
network side or can be prescribed, as will be described
below respectively.

In a first approach, the dedicated feedback timing is
configured by the network side.

Particularly the user equipment determines a dedicated
feedback timing configured by the network side.

Where a feedback timing corresponding to the primary
carrier is configured by the network side as the dedicated
feedback timing; or uplink subframes in a TDD uplink-
downlink configuration corresponding to the dedicated feed-
back timing configured by the network side are a subset or
all of uplink subframes on any carrier (which can be any one
carrier or can be any more than one carrier) aggregated for
the user equipment.

In a second approach, the dedicated feedback timing is
prescribed.

Particularly the user equipment determines a prescribed
dedicated feedback timing.

Where a feedback timing corresponding to the primary
carrier is prescribed to be used as the dedicated feedback
timing; or when the feedback timing corresponding to the
primary carrier corresponds to the TDD uplink-downlink
configuration 0 or 1 or 2 or 6 (sece Table 1), the feedback
timing corresponding to the TDD uplink-downlink configu-
ration 2 is prescribed to be used as the dedicated feedback
timing, and when the feedback timing corresponding to the
primary carrier corresponds to the TDD uplink-downlink
configuration 3 or 4 (see Table 1), the feedback timing
corresponding to the TDD uplink-downlink configuration 4
is prescribed to be used as the dedicated feedback timing.

It shall be noted that in either of the approaches, both the
network-side apparatus and the user equipment need to use
the same dedicated feedback timing which can be particu-
larly prescribed through a protocol or notified of by the
network side.

In an implementation, the user equipment can further
determine the number of bits of the feedback information
before the step 502.

Preferably for transmission of ACK/NACK information
corresponding to the downlink data, the size of an ACK/
NACK codebook will be determined according to a dedi-
cated ACK/NACK feedback timing.

Particularly the user equipment can determine the number
of bits of the feedback information by means of Formula 1
or Formula 2.

The user equipment and the network-side apparatus need
to determine the number of bits of the feedback information
in the same formula.
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It is likely that some subframes correspond to downlink
subframes according to the dedicated feedback timing while
these subframes are unlink subframes on the carrier or some
subframes correspond to uplink subframes according to the
dedicated feedback timing while these subframes are down-
link subframes on the carrier. These subframes can be
preferably handled as follows: before the step 502, for a
carrier with a corresponding TDD uplink-downlink configu-
ration different from the TDD uplink-downlink configura-
tion corresponding to the dedicated feedback timing, the
user equipment sends, for a first particular subframe which
corresponds to downlink subframe according to the dedi-
cated feedback timing but is uplink subframe on the carrier,
the feedback information for the first particular subframe;
and

For a carrier with a corresponding TDD uplink-downlink
configuration different from the TDD uplink-downlink con-
figuration corresponding to the dedicated feedback timing,
the user equipment performs, for a second particular sub-
frame which corresponds to uplink subframe according to
the dedicated feedback timing but is downlink subframe on
the carrier, a particular processing for feedback information
corresponding to the second particular subframe.

The step that the user equipment performs the particular
processing for the feedback information corresponding to
the second particular subframe includes: for the second
particular subframe, the user equipment may not send the
feedback information for the second particular subframe; or
bundle the feedback information corresponding to the sec-
ond particular subframe with feedback information of at
least one downlink subframe located immediately before or
after the second particular subframe and send the bundled
feedback information at the position of the feedback infor-
mation of the at least one downlink subframe located
immediately before or after the second particular subframe.

As illustrated in FIG. 6, a method of receiving feedback
information according to an embodiment of the invention
includes the following steps:

Step 601. A network-side apparatus determines a dedi-
cated feedback timing; and

Step 602. The network-side apparatus receives feedback
information from a user equipment, which is configured
with carrier aggregation with different TDD uplink-down-
link configurations, on a primary carrier of the user equip-
ment according to the determined dedicated feedback tim-
ing.

Preferably the dedicated feedback timing can satisfy at
least one of the following conditions:

(1) The dedicated feedback timing is one of feedback
timings supported by an Rel-8 TDD system, for example,
one of those in Table 1; and

(2) Uplink subframes, in which the feedback information
corresponding to the downlink data is transmitted, deter-
mined according to the dedicated feedback timing are a
subset or all of uplink subframes on the primary carrier, that
is, ACK/NACK is fed back according to the dedicated
feedback timing in a corresponding feedback subframe
which is at least one uplink subframe on the primary carrier.

Preferably the dedicated feedback timing determined by
the network-side apparatus can be configured for the user
equipment or can be prescribed, as will be described below
respectively.

In a first approach, the dedicated feedback timing is
configured by the network side.

Particularly the network-side apparatus configures a dedi-
cated feedback timing for the user equipment.
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Where the dedicated feedback timing configured by the
network side is the same as a feedback timing corresponding
to the primary carrier; or uplink subframes in a TDD
uplink-downlink configuration corresponding to the dedi-
cated feedback timing configured by the network side are a
subset or all of uplink subframes on any aggregated carrier
of the user equipment.

In a second approach, the dedicated feedback timing is
prescribed.

Particularly the network-side apparatus determines a pre-
scribed dedicated feedback timing

Where a feedback timing corresponding to the primary
carrier is prescribed to be used as the dedicated feedback
timing; or

When the feedback timing corresponding to the primary
carrier corresponds to the TDD uplink-downlink configura-
tion 0 or 1 or 2 or 6 (see Table 1), the feedback timing
corresponding to the TDD uplink-downlink configuration 2
is prescribed to be used as the dedicated feedback timing,
and when the feedback timing corresponding to the primary
carrier corresponds to the TDD uplink-downlink configura-
tion 3 or 4(see Table 1), the feedback timing corresponding
to the TDD uplink-downlink configuration 4 is prescribed to
be used as the dedicated feedback timing.

It shall be noted that in either of the approaches, both the
network-side apparatus and the user equipment need to use
the same dedicated feedback timing which can be particu-
larly prescribed through a protocol or notified of by the
network side.

In an implementation, the network-side apparatus can
further determine the number of bits of the feedback infor-
mation before the step 602.

Particularly the network-side apparatus can determine the
number of bits of the feedback information by means of
Formula 1 or Formula 2.

Where FIG. 5 and FIG. 6 can be combined into a flow of
a method of transmitting feedback information, that is,
firstly the steps 501 and 601, then the step 502 and finally the
step 602 are performed.

The step 501 and the step 601 may not necessarily be
performed in an exact sequential order, that is, if the
dedicated feedback timing is configured by the network side,
then firstly the step 601 and then the step 501 are performed;
or if the dedicated feedback timing is preconfigured, then
firstly the step 501 and then the step 601 can be performed,
or firstly the step 601 and then the step 501 can be per-
formed, or the step 501 and the step 601 can be performed
concurrently.

Those skilled in the art shall appreciate that the embodi-
ments of the invention can be embodied as a method, a
system or a computer program product. Therefore the inven-
tion can be embodied in the form of an all-hardware embodi-
ment, an all-software embodiment or an embodiment of
software and hardware in combination. Furthermore the
invention can be embodied in the form of a computer
program product embodied in one or more computer useable
storage mediums (including but not limited to a disk
memory, a CD-ROM, an optical memory, etc.) in which
computer useable program codes are contained.

The invention has been described in a flow chart and/or a
block diagram of the method, the device (system) and the
computer program product according to the embodiments of
the invention. It shall be appreciated that respective flows
and/or blocks in the flow chart and/or the block diagram and
combinations of the flows and/or the blocks in the flow chart
and/or the block diagram can be embodied in computer
program instructions. These computer program instructions
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can be loaded onto a general-purpose computer, a specific-
purpose computer, an embedded processor or a processor of
another programmable data processing device to produce a
machine so that the instructions executed on the computer or
the processor of the other programmable data processing
device create means for performing the functions specified
in the flow(s) of the flow chart and/or the block(s) of the
block diagram.

These computer program instructions can also be stored
into a computer readable memory capable of directing the
computer or the other programmable data processing device
to operate in a specific manner so that the instructions stored
in the computer readable memory create an article of manu-
facture including instruction means which perform the func-
tions specified in the flow(s) of the flow chart and/or the
block(s) of the block diagram.

These computer program instructions can also be loaded
onto the computer or the other programmable data process-
ing device so that a series of operational steps are performed
on the computer or the other programmable data processing
device to create a computer implemented process so that the
instructions executed on the computer or the other program-
mable device provide steps for performing the functions
specified in the flow(s) of the flow chart and/or the block(s)
of the block diagram.

Although the preferred embodiments of the invention
have been described, those skilled in the art benefiting from
the underlying inventive concept can make additional modi-
fications and variations to these embodiments. Therefore the
appended claims are intended to be construed as encom-
passing the preferred embodiments and all the modifications
and variations coming into the scope of the invention.

Since feedback information is enabled to be transmitted
following aggregation of carriers with different TDD uplink-
downlink configurations, the transmission efficiency and the
system performance following aggregation of the carriers
with the different TDD uplink-downlink configurations can
be improved.

Evidently those skilled in the art can make various
modifications and variations to the invention without depart-
ing from the spirit and scope of the invention. Thus the
invention is also intended to encompass these modifications
and variations thereto so long as the modifications and
variations come into the scope of the claims appended to the
invention and their equivalents.

What is claimed is:
1. A method of sending feedback information, compris-
ing:

determining, by a user equipment, a dedicated feedback
timing; and

sending, by the user equipment, feedback information,
corresponding to downlink data, on a primary carrier
according to the determined dedicated feedback timing,

wherein the user equipment is a user equipment which is
configured with carrier aggregation with different Time
Division Duplex (TDD) uplink-downlink configura-
tions, and wherein the dedicated feedback timing is one
of feedback timings supported by a Release 8 Long
Term Evolution (Rel-8 LTE) TDD system;

wherein before the user equipment sends the feedback
information, the method further comprises a step of:

determining the number of bits of the feedback informa-
tion by means of Formula 2 of:
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c-1 Formula 2

N = Z MPL X TBy,
X=0

wherein N is the number of bits of the feedback infor-
mation, M, is the number of downlink subframes
among M subframes on a carrier X, determined accord-
ing to the dedicated feedback timing, for which the
feedback information needs to be transmitted in a same
uplink subframe, C is the number of aggregated carri-
ers, and if a single-codeword transmission mode is
configured for downlink or spatial bundling of the
feedback information is configured on the carrier X,
then TB,=1, otherwise TB,=2.

2. The method according to claim 1, wherein uplink
subframes, in which the feedback information correspond-
ing to the downlink data is transmitted, determined accord-
ing to the dedicated feedback timing are a subset or all of
uplink subframes on the primary carrier.

3. The method according to claim 1, wherein the deter-
mining, by the user equipment, a dedicated feedback timing
comprises:

determining, by the user equipment, a dedicated feedback

timing configured by a network side,

wherein the dedicated feedback timing configured by the

network side is the same as a feedback timing corre-
sponding to the primary carrier, or uplink subframes in
a TDD uplink-downlink configuration corresponding to
the dedicated feedback timing configured by the net-
work side are a subset or all of the uplink subframes on
any aggregated carrier of the user equipment.

4. The method according to claim 1, wherein the deter-
mining, by the user equipment, a dedicated feedback timing
comprises:

determining, by the user equipment, a prescribed dedi-

cated feedback timing,

wherein a feedback timing corresponding to the primary

carrier is prescribed to be used as the dedicated feed-
back timing, or when the primary carrier is configured
with TDD uplink-downlink configuration 0 or 1 or 2 or
6, a feedback timing corresponding to TDD uplink-
downlink configuration 2 is prescribed to be used as the
dedicated feedback timing, and when the primary car-
rier is configured with TDD uplink-downlink configu-
ration 3 or 4, a feedback timing corresponding to TDD
uplink-downlink configuration 4 is prescribed to be
used as the dedicated feedback timing,

wherein TDD uplink-downlink configurations 0, 1, 2, 3, 4

and 6 are defined by LTE TDD.

5. A method of receiving feedback information, compris-
ing:

determining, by a network-side apparatus, a dedicated

feedback timing; and

receiving, by the network-side apparatus, feedback infor-

mation from a user equipment on a primary carrier of
the user equipment according to the determined dedi-
cated feedback timing,

wherein the user equipment is a user equipment which is

configured with carrier aggregation with different Time
Division Duplex (TDD) uplink-downlink configura-
tions, and wherein the dedicated feedback timing is one
of feedback timings supported by a Release 8 Long
Term Evolution (Rel-8 LTE) TDD system;

w

10

15

20

25

35

40

45

50

55

60

65

16

wherein before the network-side apparatus receives the
feedback information, the method further comprises a
step of:

determining the number of bits of the feedback informa-
tion by means of Formula 2 of:

c-1 Formula 2
N= Z MPL X TBy,

X=0

wherein N is the number of bits of the feedback infor-
mation, M,”* is the number of downlink subframes
among M subframes on a carrier X, determined accord-
ing to the dedicated feedback timing, for which the
feedback information needs to be transmitted in a same
uplink subframe, C is the number of aggregated carri-
ers, and if a single-codeword transmission mode is
configured for downlink or spatial bundling of the
feedback information is configured on the carrier X,
then TBy=1, otherwise TB,=2.

6. The method according to claim 5, wherein uplink
subframes, in which the feedback information correspond-
ing to the downlink data is transmitted, determined accord-
ing to the dedicated feedback timing are a subset or all of
uplink subframes on the primary carrier.

7. The method according to claim 5, wherein before the
network-side apparatus receives the feedback information,
the method further comprises:

configuring, by the network-side apparatus, a dedicated

feedback timing for the user equipment,

wherein the configured dedicated feedback timing is the

same as a feedback timing corresponding to the pri-
mary carrier, or uplink subframes in a TDD uplink-
downlink configuration corresponding to the config-
ured dedicated feedback timing are a subset or all of the
uplink subframes on any aggregated carrier of the user
equipment.

8. The method according to claim 5, wherein the deter-
mining, by the network-side apparatus, a dedicated feedback
timing comprises:

determining, by the network-side apparatus, a prescribed

dedicated feedback timing,

wherein a feedback timing corresponding to the primary

carrier is prescribed to be used as the dedicated feed-
back timing, or when the primary carrier is configured
with TDD uplink-downlink configuration 0 or 1 or 2 or
6, a feedback timing corresponding to TDD uplink-
downlink configuration 2 is prescribed to be used as the
dedicated feedback timing, and when the feedback
timing corresponding to the primary carrier corre-
sponds to TDD uplink-downlink configuration 3 or 4,
a feedback timing corresponding to TDD uplink-down-
link configuration 4 is prescribed to be used as the
dedicated feedback timing,

wherein the TDD uplink-downlink configurations 0, 1, 2,

3, 4, and 6 are defined by LTE TDD.

9. An apparatus for sending feedback information, the
apparatus, which is configured with carrier aggregation with
different Time Division Duplex (TDD) uplink -downlink
configurations, comprising at least one processor and at least
one storage unit, wherein the at least one storage unit stores
program instructions executable by the at least one processor
to implement:

a first timing determining module configured to determine

a dedicated feedback timing; and
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a sending module configured to send feedback informa-
tion, corresponding to downlink data, on a primary
carrier according to the determined dedicated feedback
timing, wherein the dedicated feedback timing is one of
feedback timings supported by a Release 8 Long Term
Evolution (Rel-8 LTE) TDD system;

wherein the first timing determining module is further
configured:

to determine the number of bits of the feedback informa-
tion by means of Formula 2 of:

c-1 Formula 2
N= Z MEL X 7By,
X=0

wherein N is the number of bits of the feedback infor-
mation, M, is the number of downlink subframes
among M subframes on a carrier X, determined accord-
ing to the dedicated feedback timing, for which the
feedback information needs to be transmitted in a same
uplink subframe, C is the number of aggregated carri-
ers, and if a single-codeword transmission mode is
configured t for downlink or spatial bundling of the
feedback information is configured on the carrier X,
then TB,=1, otherwise TB,=2.

10. The apparatus according to claim 9, wherein the first

timing determining module is further configured:
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to determine a dedicated feedback timing configured by
the network side, wherein the dedicated feedback tim-
ing configured by the network side is the same as a
feedback timing corresponding to the primary carrier,
or uplink subframes in a TDD uplink-downlink con-
figuration corresponding to the dedicated feedback
timing configured by the network side are a subset or all
of the uplink subframes on any aggregated carrier of
the apparatus.

11. The apparatus according to claim 9, wherein the first

timing determining module is further configured:

to determine a prescribed dedicated feedback timing,

wherein a feedback timing corresponding to the primary
carrier is prescribed to be used as the dedicated feed-
back timing, or when the primary carrier is configured
with TDD uplink-downlink configuration 0 or 1 or 2 or
6, a feedback timing corresponding to the TDD uplink-
downlink configuration 2 is prescribed to be used as the
dedicated feedback timing, and when the primary car-
rier is configured with TDD uplink-downlink configu-
ration 3 or 4, a feedback timing corresponding to TDD
uplink-downlink configuration 4 is prescribed to be
used as the dedicated feedback timing,

wherein TDD uplink-downlink configurations 0, 1, 2, 3, 4,
and 6 are defined by LTE TDD.
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